Skin barrier function refers to the ability of the skin to protect against environmental assaults and to prevent endogenous water loss.
positions. 5 Other skin surface biophysical measurements may also provide more information on the condition of the SC. For example, SC hydration describes the current hydration of the SC, and may be an indication if the hydrophobic barrier and water-holding capacity of the SC are functioning optimally. 6 SC hydration values above 40 a.u. are considered as an indication of healthy skin. 7 Furthermore, skin surface pH describes the pH environment on the skin surface and consequently, if the lipid-processing enzymes are functioning within the optimum acidic pH range necessary to synthesise the lipid matrix. 8 The optimal skin surface pH range is between 4.5 and 5.9
for healthy skin, 5, 8 however, this range may differ between males and females as the influence of gender is still inconclusive. 9 For this study, skin barrier function is described according to these three parameters.
There are numerous factors that influence skin barrier function, which should be considered when investigating skin barrier function. Exogenous factors to consider include smoking, skin damage, skin washing, skin occlusion, solvents/surfactant exposure, and environmental conditions. 9, 10 Low environmental humidity and temperature negatively affects skin barrier function, as increased TEWL and decreased SC hydration have been measured during the winter months. 11 Smoking, exposure to solvents/surfactants and skin washing decrease skin barrier function by increasing TEWL and decreasing SC hydration. 9 Skin washing and occlusion increase skin surface pH, 10 while skin occlusion and prolonged exposure to water increase SC hydration or may even cause hyperhydration of the SC. 12 Endogenous factors influencing TEWL and SC hydration include age (decrease with age), anatomical position (varies at different anatomical locations), skin health (TEWL increase and SC hydration decrease in diseased skin), skin temperature, and sweating (TEWL and SC hydration increase with elevated skin temperature and sweating). 9 The endogenous factors influencing skin surface pH are age (increase with age), 13, 14 anatomical position (varies at different anatomical locations), and skin health (increase in diseased skin). 10 It is unclear if circadian rhythm affects TEWL or SC hydration as there are currently inconclusive supporting evidence. 9 There are also conflicting evidence on the difference of these three parameters between males and females and between racial groups. 9, 10 For this publication only the opposing literature on the difference in skin barrier function between racial groups are discussed.
The term race is used here referring to groups with similar physical features and skin colour, 15 where Caucasian is used for light pigmented skin and African for dark pigmented skin. The contradictory findings on the racial differences in skin barrier function may be due to the small number of participants included in studies, different sexes being compared between studies, or different anatomical positions measured. 16 The majority of studies reported higher TEWL in Africans than in Caucasians, however, TEWL was measured on different anatomical positions and different interventions were used in the studies. [17] [18] [19] [20] [21] [22] No significant difference in SC hydration was established between racial groups by two studies, which performed the measurements on the same anatomical regions on female participants and both used the same capacitance measurement method. 23, 24 Discrepancies in SC hydration difference between racial groups only present itself if studies are compared that performed SC hydration measurements with different measurement methods (capacitance vs conductance). 16 Few studies have evaluated racial differences in skin surface pH, however, the findings are also contradictory. 16 Due to the opposing findings in published literature on racial differences in skin barrier function, more fundamental research is necessary to clarify some of the contradictory findings. In South Africa, the majority of the nursing workforce is African, 26 and research on the racial differences in skin barrier function is required before any skin care recommendations can be made to improve their occupational skin health. The prevalence of occupational skin diseases tends to increase during the tertiary education of nurses 27 (as their practical training hours increase) and research on their skin barrier function may elucidate the physiological development of the disease. The aim of this study was to compare skin barrier function between African and Caucasian nursing students, prior to their practical training and subsequent wet work in the hospitals.
| ME THOD
This study was approved by the Health Research Ethics Committee of the North-West University, South Africa (Ethics approval number:
NWU-00337-16-A1).
| Study population
Female first year nursing students from the North-West University were recruited to participate in this study. Participants were recruited prior to their practical training in the hospitals in order to measure skin barrier function before any influence of daily occupational hand hygiene practices. After obtaining informed consent, the lightness of the skin (0 = black and 100 = white), the a* value indicates the range between green and red (green < 0 < red), and the b* value the range between blue and yellow (blue < 0 < yellow).
These values were measured on the volar forearm of the nondominant forearms of the participants with a Colorimeter (CL-400) manufactured by Courage and Khazaka (CK) electronic GmBH, Germany.
| Skin barrier function measurements
Participants were instructed not to wash and apply any cosmetic products on their hands and forearms 12 hours prior to the measurements. Skin barrier function was measured according to previously published methods 29 and are summarised in this study according to three parameters, that is, TEWL, skin surface pH, and SC hydration.
TEWL measurements were performed with a Tewameter ® (TM 300), skin surface pH with a skin pH meter (PH 905) and SC hydration with a Corneometer (CM 825), all manufactured and calibrated by
Courage and Khazaka (CK) electronic GmBH, Germany.
Participants were allowed to acclimatise for 20 minutes in a climate-controlled room (21-22°C; relative humidity 40-60%). Skin barrier function parameters were measured on the palmar and dorsal aspects of both hands and additionally on both volar forearms.
Participants' hands and forearms were chosen as these regions will be subjected to frequent hand washing when the nursing students' practical training starts. These values will, therefore, be comparable with future studies investigating the potential longitudinal changes in skin barrier function of nursing students. An average for each of the skin barrier function parameters were calculated from three consecutive measurements, measured adjacently on the designated anatomical areas. Skin surface pH averages were calculated by using the logarithm of the average of the hydrogen ion concentration.
Additionally, participants were clinically evaluated by a dermatologist to diagnose any pre-existing skin diseases. Participants diagnosed with a skin disease or using oral contraceptives or retinoid medication were excluded from the study, as it has been proven to alter sebum gland activity 30, 31 and will therefore influence the skin barrier function measurements. After this exclusion criterion was applied, a total of 27 Caucasian, 17 African, and 3
Indian/Mixed race nursing students' skin barrier function data remained. Skin barrier function data of Indian/Mixed race nursing students were excluded, as there were too few participants of this racial group to enable comparisons with sufficient statistical power.
| Statistical analyses
The skin barrier function data were not normally distributed, and are therefore, reported as geometric means (GM) and range. The difference in skin barrier function between African and Caucasian nursing students was evaluated with nonparametric Mann-Whitney U tests and the corresponding effect sizes were calculated. Effect sizes are used in empirical research to establish the importance of the statistical significant (P ≤ 0.05) differences between groups evaluated. 32 Effect sizes were calculated from the Z value divided by the square root of total number of samples. This value represents the proportion of the variance that is accounted for by the independent variable (categorical), that is, small effect ≤0.1; medium effect ≈0.3 or large effect ≥0.5. 
| RE SULTS
Skin barrier function parameters, that is, TEWL, SC hydration, and skin surface pH were measured for African and Caucasian Anatomical area had no significant influence on skin surface pH in either of the two racial groups. Significant differences were, however, established between the two racial groups (Figure 3 ). African nursing students had significantly higher (P ≤ 0.0001) skin surface pH than Caucasian nursing students on all anatomical areas which were substantiated by a large effect size (0.71).
| D ISCUSS I ON
Skin barrier function was measured in female South African first year nursing students aged between 18 and 40 years, prior to their practical training in order to compare skin barrier function between African and Caucasian nursing students. First year nursing students were recruited before their practical training started in the hospitals to compare skin barrier function between the racial groups. Nursing students were selected due to their high risk for occupational skin diseases during their nursing career, and this study forms part of a larger longitudinal study investigating skin barrier function changes in South African nursing students. The age range selected for participating in this study is wide for university students, however, it ensured that more students could participate in the study since skin barrier function parameters will only be influenced at ages above Contrary to previous studies which did not establish a racial difference in SC hydration on any anatomical areas, [22] [23] [24] SC hydration in African nursing students was approximately 26% lower than that of Caucasian nursing students in this study. Warrier et al 23 and
Manuskiatti et al 24 both measured SC hydration on various anatomical areas (including forearms with capacitance) but did not establish any significant racial differences in SC hydration. Warrier et al 23 noted that the change in SC hydration after occlusion with the capacitance probe was higher in Caucasians than Africans (on the legs and forearms) and concluded that SC water content was higher in
Caucasians. In this study, SC hydration was higher in Caucasians, however, the severely low SC hydration in Africans have not been described before. The low SC hydration of African nursing students, in conjunction with the increased TEWL on the palms (established with the moderate negative correlation), may be an indication of a compromised skin barrier function and not necessarily be due to variation in eccrine sweat gland activity. This inverse relationship found between SC hydration and TEWL in African nursing students, in this study is consistent with literature, 6,38,39 which indicates a compromised skin barrier function in this group. These values were obtained after participants with pre-existing skin diseases and using medications such as oral contraceptives or retinoid medication were excluded. Severely low SC hydration and compromised barrier function in African nursing students may be ascribed to decreased ceramides in African skin 40 as lipid content has been linked to SC water-holding capacity and barrier function. 41 Inherent dry skin in African nursing students may increase their risk for developing occupational skin diseases once their practical training starts, as the frequency of wet work and skin occlusion increase during their tertiary training. 27 Another possible explanation may be the socioeconomic status of the students which influences the type of cosmetic products the students prefer and can afford to buy. Income, occupational status, and race are important factors determining the type of cosmetic products that consumers will buy. A study investigating consumption of cosmetics established that Caucasian women with a higher occupational status are more likely to buy expensive brand cosmetic products. 42 Cultural and personal habits may also play a role in determining the type of cosmetic product that students prefer. African nursing students may have been influenced by South African culture in which they were raised to use, for example, petrolatum for dry skin. Personal habits of the students may influence the quantity cosmetic product that they apply as well as the application frequency. A recent study established that nurses understood the benefits of frequently using moisturisers, but the frequency of use was still low. 43 This may be because of the impracticality of using moisturisers during a shift, however, the study also established that the frequency of use may improve with the belief that it was part of nurses' professional responsibility to protect their skin health. The socioeconomic status, cultural, and personal habits of the students may impact their skin health as it determines the type and therefore, quality, of cosmetic products that they will buy.
Skin surface pH was not significantly different between the anatomical areas in either of the two racial groups. Skin surface pH of Caucasian nursing students was in a pH range between 4.5 and 5.9. However, African nursing students had significantly higher skin surface pH on all anatomical areas when compared to the Caucasian nursing students. In terms of the actual hydrogen ion concentration (ie higher hydrogen ion concentration equals lower pH), the hydrogen ion concentration was four times higher in Caucasian nursing students than in African nursing students.
The higher skin surface pH of African nursing students corresponds with the dehydrated SC, as higher skin surface pH has been associated with low SC hydration values. 44 This may be due to the various pH-dependant enzymes which are responsible for synthesis of the lipid barrier. 8 However, these findings are not consistent with a previous study that established lower skin surface pH in Sri
Lankan female nurses (classified as dark pigment IV-V skin, mean age 25 years) compared to light pigmented I-II skin (German female nurses, mean age 29 years). 25 The relationship between higher skin surface pH and low lamellar body density was established in the above mentioned study, although it was only measured on light pigmented skin. 25 Warrier et al 23 African subjects participated in their study.
The higher skin surface pH in African nursing students in this study unfortunately contributes to the contradictory evidence on the racial difference in skin surface pH, but it demonstrates that the pH-regulated mechanisms may not be as simple as previously thought. Skin surface pH for instance may not be solely dependent on the pigment of the skin but may also rely on the impact of socioeconomic factors on skin care products used 42 as discussed previously.
If only TEWL was considered to assess skin barrier function, it would have indicated no significant difference in skin barrier function between African and Caucasian nursing students. However, SC hydration and skin surface pH were significantly different between racial groups and should be included in the evaluation of skin barrier function. SC hydration was severely low, and skin surface pH high in African nursing students, which may be an indication of com- 
| CON CLUS ION
Skin barrier function was compared between African and Caucasian nursing students. No significant difference was established in TEWL between the two racial groups. African nursing students' SC hydration was significantly lower (indicating dry skin) and skin surface pH significantly higher when compared to Caucasian nursing students.
Caucasian nursing students, therefore, had a healthier skin barrier function as all three biophysical parameters (TEWL, SC hydration, skin surface pH) were within normal ranges. SC hydration in African nursing students was below the recommended value and with accompanying elevated skin surface pH it may indicate disrupted skin barrier homeostasis. Pre-existing, compromised skin barrier homeostasis of African nursing students may affect their skin health once their practical training starts, as the frequency of wet work and skin occlusion will increase, consequently increasing their risk for developing occupational skin diseases. 
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